The current commercial production of the high fructose-syrup (isosyrup) involves three enzymic processes, that is, liquefaction of starch by a-amylase, saccharification by glu coamylase (GA), and isomerization by glucose isomerase (GI). The isomerization process is continuously performed using the immobilized GI while other processes are batch production by soluble enzymes. A more efficient process seems to be a continuous saccharification by immobilized GA or a direct, continuous conversion of liquefied starch to the isosyrup in one and the same reactor with a, biocatalyst having both GA and GI. The latter process may be of considerable merit to reduce the reversion by-products by glucoamylase since the simultaneous isomerization lowers a glu cose concentration in the reactor. There are numerous reports" on the immobilized GA but the continuous saccharification by the immo bilizate has not achieved industrial significance, largely due to the simplicity of the conventional saccharification and a low enzyme cost. Assay of enzyme activity. The GA activity was determined by the following conditions. The mixture of 0.1 M acetate buffer (3 ml), pH 4. 5, and the native GA (50 u1) or the co-immobilizate (4-10 mg) was preheated in a 
RESULTS

AND DISCUSSION
Co-Immobilization
The GA was linked to the mycelia-bound GI with glutaraldehyde (1.5%) in the presence of tannic acid. The increase of the concentration of tannic acid remarkably increased the GA recovery, whereas the GI recovery was almost constant ( Table 1 ). The highest GA recovery was about 76 at 20% tannic acid, at which concentration the GI recovery was about 68%. The higher concentration of tannic acid made the reaction medium more acidic and 20% tannic acid gave pH 4.8.
The absence of tannic acid at pH 4.8 tremendously reduced the GA recovery, suggesting that tannic acid acted as an adsorbent rather than as a pHlowering reagent.
However, the medium pH somewhat influenced the GA and GI recoveries in the presence of 20% tannic acid (Fig. 1) . The GA recovery increased with decrease of the pH and attained the highest value of about 80% at pH 4.5 whereas the GI recovery be tween pH 4.9 and 6.3 was as high as about The GA-linked mycelia were packed in a column reactor and the conversion of a liquefied starch to the isosyrup was tested. However, the productivity was poor because of the too slow flow rate of the eluent, and a portion of the GA-linked mycelia leaked from the reactor.
These were due to flue particles of the GA- Figure 3 shows the pH dependence of the activities of the co-immobilizate and native enzymes.
The optimum pH values of the native GA and GI were lower and higher than those (4.5-7.16) and 713)) previously reported, respectively.
The co-immobilization shifted both GA and GI activities toward the alkaline side by about 0.5 and 0.1 pH units, respec tively, between pH 6-7. These shifts may be caused by the polyanionic nature of k-carrageenan. The larger shift of the GA activity was Co-Immobilized Glucoamylase and Glucose Isomerase Table 2 summarizes the kinetic constants of the co-immobilizate GA for maltose (G2) and maltotriose (G3), together with those of the native GA.
The apparent Km of the coimmobilizate GA for both sugars was the same value of 25 mM, while the native GA had considerably lower and different Km values for G2 (1.55 mM) and G3 (0.65 mM) as reported previously, 6) suggesting that the gel matrix limited the diffusion of the sugars.
The apparent Vmax values of the co-immobilizate GA for G2 and G3 were 0.24 and 0.84 U/mg solid, respectively, which were less than 1/10 the Vmax values (2.6 and 13.8 U/mg solid for G2 and G3, respectively) of the native GA, partially due to the adulteration by the mycelium and/or K-carrageenan.
These find ings implied that at 25 mM G2, which was used as the standard assay condition, the co-immo bilizate GA showed half the Vmax value whereas the native GA showed the Vmax value. According to these, the actual GA recovery of the co-immobilizate was probably twice (56%) the observed GA recovery (28%) under the standard assay conditions. Reliable kinetic experiments for the co-immobilizate GI could not be carried out because when a high glucose concentration was used, owing to the high Km (about 0.2 M), the cysteine-carbazole methods) produced a very high background.
But anal ogous results of the co-immobilizate GI to the GA may be obtained as to the kinetics and recovery.
The relative activities of the co-immobilizate and native GAs on 50 mM malto-oligosaccharides with various sizes up to maltoheptaose (G,) and soluble starch were determined ( Table 3) . The relative activities of the co-immobilizate GA increased with increase of molecular sizes up to maltotetraose (G4) and was about 5 for higher oligosaccharides (G4-G,), and that for soluble starch was as low as 2.3.
The native GA showed a similar tendency to the coimmobilizate GA, except for soluble starch, although the relative activities of the native GA were higher.
The homogenization of the co-immobilizate increased about 1.4-f old the GA activities for G2 and higher oligosaccha rides.
But the homogenized co-immobilizate had still lower relative activities than the native GA.
These implied that both gel matrix and mycelia interfered with the ap proaching of the oligosaccharides to the bound GA molecules. The column reactor was run for four weeks under the above optimum conditions. The isosyrups were taken out at one-week intervals and analyzed (Table 5) .
